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(57) ABSTRACT 

A method of determining the appropriateness of satellite orbit 
modeling is provided. The method includes calculating val 
ues of parameters, that the predetermined model has, on the 
basis of predicted position data including a first predicted 
positionata first point of time and a second predicted position 
at a second point of time of a positioning satellite in time 
series, calculating a first and a second calculated positions of 
the positioning satellite derived from the predetermined 
model by using the values of the parameters; and determining 
the appropriateness of the predetermined model using the 
values of the parameters, on the basis of first difference 
between the first predicted position and the first calculated 
position, and seconded difference between the second pre 
dicted position and the second calculated position. The pre 
determined model is used when approximating a satellite 
orbit of the poisoning satellite. 
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CROSS-REFERENCE TO THE RELATED 
APPLICATIONS 

0001. This application claims priority to Japanese Patent 
Application No. 2008-228006 filed on Sep. 5, 2008. The 
entire disclosure of Japanese Patent Application No. 2008 
228006 is hereby incorporated herein by reference. 

BACKGROUND 

0002 1. Technical Field 
0003. The present invention relates to a method of deter 
mining the appropriateness of satellite orbit modeling, a 
method of providing long-term predicted orbit data, and a 
device for determining the appropriateness of satellite orbit 
modeling. 
0004 2. Related Art 
0005. A GPS (global positioning system) is widely known 
as a positioning System using a positioning signal and is used 
for a positioning device built in a mobile phone, a car navi 
gation apparatus, or the like. The GPS measures the position 
by executing a positioning operation for calculating four 
parameter values of three-dimensional coordinate values, 
which indicate the position of a GPS positioning device, and 
a time error on the basis of the information, such as the 
positions of a plurality of GPS satellites or a pseudo distance 
from each GPS satellite to the GPS positioning device. 
0006. In positioning using the GPS, satellite information 
including the position, speed, and moving direction of the 
GPS satellite is calculated on the basis of the navigation data, 
which are called the almanac or ephemeris, and are Superim 
posed on the GPS satellite signals transmitted from the GPS 
satellite and the positioning operation is performed using the 
satellite information and time information. In particular, the 
ephemeris serves as an important key when acquiring the 
satellite. Accordingly, for example, when positioning starts in 
a state where the ephemeris is not stored, the time to first fix 
(TTFF) is increased. In addition, even if it is not a first posi 
tioning, the acquisition time changes a lot according to 
whether or not the ephemeris of the satellite is stored when 
acquiring a certain satellite for the first time. 
0007 For this reason, International Publication No. 2006/ 
031652 pamphlet discloses the technique in which the server 
in the server-client system predicts the ephemeris for a long 
period of time of one week and provides the predicted ephem 
eris (hereinafter, referred to as the long-term prediction 
ephemeris (long-term predicted orbit data)) to the positioning 
device which is the client. 
0008. A method of defining the long-term prediction 
ephemeris in the same data format as the normal ephemeris 
may be considered as a method of defining a long-term pre 
diction ephemeris. It is a method in which the satellite orbit is 
approximated using the Kepler's elliptical orbit model, which 
is one of the approximate models of the satellite orbit, and the 
long-term prediction ephemeris is defined by a parameter 
value (hereinafter, referred to as a satellite orbit parameter) of 
the model at that time. The satellite prediction calendar (pre 
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dicted position data) including the predicted positions, which 
are obtained by predicting the future positions of the posi 
tioning satellite in time series at predetermined intervals, is 
provided from a predetermined commercial system. The 
approximate calculation based on the Kepler's elliptical orbit 
mode 
0009. However, in the predicted positions stored in the 
satellite prediction calendar, the predicted position which is 
extremely (several kilometers) distant from an adjacent pre 
dicted position in positional relationship with the adjacent 
predicted position may be included as a so-called abnormal 
value. Ideal approximation of the satellite orbit is the ellipti 
cal orbit in which all predicted positions are correctly repro 
duced. However, when the abnormal value is included, the 
elliptical shape is distorted due to the abnormal value. In the 
case of a distorted satellite orbit, it is natural that the repro 
ducibility of the predicted position is not good. 

SUMMARY 

0010. An advantage of some aspects of the invention is 
that it provides a method of determining the appropriateness 
of modeling of the satellite orbit obtained by approximation 
of the future orbit of a positioning satellite. 
0011. A first aspect of the invention is directed to a method 
of determining the appropriateness of satellite orbit modeling 
which uses a predetermined model. The method includes: 
calculating values of the parameters, that a predetermined 
model has, on the basis of the predicted position data includ 
ing predicted positions of the positioning satellite in time 
series, calculating calculated positions of the positioning sat 
ellite derived from the predetermined model using the values 
of the parameters, and determining the appropriateness of the 
predetermined model using the values of the parameters of 
the satellite orbit, on the basis of the differences between the 
predicted positions and the calculated positions. The prede 
termined model is used when approximating the satellite orbit 
of the positioning satellite. 
0012. As another aspect of the invention, there may be 
configured a device for determining the appropriateness of 
satellite orbit modeling. The device includes a parameter 
value calculating unit being configured to calculate values of 
parameters, that a predetermined model has, on the basis of 
the predicted position data including predicted positions of 
the positioning satellite in time series, a calculated position 
calculating unit being configured to calculate calculated posi 
tions of the positioning satellite derived from the model using 
the values of the parameters, and a determination unit being 
configured to determine the appropriateness of the predeter 
mined model of the satellite orbit by using the values of the 
parameters, on the basis of the differences between the pre 
dicted positions and the calculated positions. The predeter 
mined model is used when approximating a satellite orbit of 
the positioning satellite. 
0013. According to the first aspect and the like of the 
invention, the values of the parameters that the predetermined 
model has are calculated on the basis of the predicted position 
data of the positioning satellite. In addition, the calculated 
positions of the positioning satellite derived from the model 
are calculated using the calculated values of the parameters, 
and the appropriateness of modeling of the satellite orbit by 
the model using the values of the parameters is determined on 
the basis of the differences between the predicted positions 
and the calculated positions. 
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0014 If modeling of the satellite orbit is appropriate, the 
difference between the predicted position of the positioning 
satellite included in the predicted position data and the cal 
culated position of the positioning satellite derived from the 
model should become small. Thus, it becomes possible to 
determine the appropriateness of modeling of the satellite 
orbit by using the difference between the predicted position 
and the calculated position as the basis for determination. 
0015. A second aspect of the invention is directed to the 
method of determining the appropriateness of satellite orbit 
modeling according to the first aspect of the present inven 
tion, wherein the predetermined model is a function to obtain 
a position by inputting time, the calculating the calculated 
positions includes calculating the calculated positions at the 
same time as predicted positions, and the determining the 
appropriateness of the modeling includes determining the 
appropriateness of the modeling on the basis of the distances 
(or differences) between the predicted positions and the cal 
culated positions. 
0016. According to the second aspect of the invention, the 
calculated positions are calculated at the same time as the 
predicted positions, and the appropriateness of the modeling 
is determined on the basis of the distances between the pre 
dicted positions and the calculated positions. If modeling of 
the satellite orbit is appropriate, the distance between the 
predicted position and the calculated position of the position 
ing satellite at the same time should be decreased. Therefore, 
determination on whether or not modeling of the satellite 
orbit is appropriate can be effectively realized by performing 
threshold value determination on Sum of the distance calcu 
lated at each time. 

0017. A third aspect of the invention is directed to the 
method of determining the appropriateness of satellite orbit 
modeling according to the second aspect of the present inven 
tion, wherein the method further includes selecting the pre 
dicted position if the predicted position is within a predeter 
mined distance from the calculated position at the same time 
as the predicted position, calculating the values of the param 
eters on the basis of the predetermined position after being 
selected, calculating the calculated positions on the basis of 
the predetermined position after being selected, and deter 
mining the appropriateness of the modeling again on the basis 
of on the basis of the predetermined position after being 
selected. 

0018. According to the third aspect of the invention, the 
predicted position within the predetermined distance from the 
calculated position at the same time as the predicted position 
is selected. In addition, calculation of the values of the param 
eters, calculation of the calculated positions, and determina 
tion on the appropriateness of the modeling are performed 
again on the basis of the selected predicted position. When the 
predicted position and the calculated position of the position 
ing satellite at the same time are very distant from each other, 
there is a high possibility that the predicted position will be an 
abnormal value which largely deviate from the ideal satellite 
orbit. Accordingly, it is preferable to perform modeling of the 
satellite orbit again under the condition where Such an abnor 
mal value is excluded. 

0019. A fourth aspect of the invention is directed to the 
method of determining the appropriateness of satellite orbit 
modeling according to the first aspect of the present inven 
tion, where the method further includes determining the com 
bination of the predicted positions, which are used for the 
calculation of the values of the parameters, from the predicted 
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position data, calculating of the values of the parameters on 
the basis of the combination, calculating the calculated posi 
tions on the basis of the combination, and determining the 
appropriateness of the modeling on the basis of the combina 
tion. 
0020. According to the fourth aspect of the invention, the 
combination of the predicted positions used for the calcula 
tion of the values of the parameters is determined. In addition, 
calculation of the values of the parameters, calculation of the 
calculated positions, and determination on the appropriate 
ness of the modeling are performed on the basis of the com 
bination of the determined predicted positions. 
0021. A fifth aspect of the invention is directed to the 
method of determining the appropriateness of satellite orbit 
modeling according to the fourth aspect of the present inven 
tion, where the method further includes changing the combi 
nation of the predicted positions to a second combination, 
which is used for the calculation of the values of the param 
eters, when it is determined that the modeling is not appro 
priate, calculating of the values of the parameters on the basis 
of the second combination, calculating the calculated posi 
tions on the basis of the second combination, and determining 
the appropriateness of the modeling again on the basis of the 
second combination. 
0022. According to the fifth aspect of the invention, the 
combination of the predicted positions used for calculation of 
the values of the parameters is changed to the second combi 
nation when it is determined that the modeling is not appro 
priate. In addition, calculation of the values of the parameters, 
calculation of the calculated positions, and determination on 
the appropriateness of the modeling are performed again on 
the basis of the second combination of the changed predicted 
positions. Thus, when it is determined that modeling of the 
satellite orbit is not appropriate, the appropriate values of the 
parameters can be acquired by changing the combination of 
the predicted positions to the second combination and per 
forming the modeling again. 
0023. A sixth aspect of the invention is directed to a 
method of providing long-term predicted orbit data, where 
the method includes calculating values of the parameters on 
the basis of predicted position data including predetermined 
positions, calculating calculated positions of a positioning 
satellite derived from the predetermined model by using the 
values of the parameters, determining appropriateness of the 
predetermined model using the parameters for each of prede 
termined continuous unit periods, on the basis of differences 
between the predicted positions and the calculated positions, 
and providing long-term predicted orbit data which includes 
the values of the parameters of the unit periods, if the prede 
termined model for each of the unit periods is determined to 
be appropriate. The predetermined model is used when 
approximating a satellite orbit of the positioning satellite. 
0024. According to the sixth aspect of the invention, cal 
culation of the values of the parameters, calculation of the 
calculated positions, and determination on the appropriate 
ness of the modeling are performed for each of predetermined 
continuous unit periods. In addition, long-term predicted 
orbit data is provided, if the predetermined model for each of 
the unit periods is determined to be appropriate. As a result, it 
becomes possible to provide to the positioning device with 
only the values of the parameters of the unit period in which 
modeling was performed appropriately. A seventh aspect of 
the invention is directed to a method of providing long-term 
predicted orbit data, where the method includes calculating 
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values of the parameters on the basis of predicted position 
data including predetermined positions, calculating calcu 
lated positions of a positioning satellite derived from the 
predetermined model by using the values of the parameters, 
determining appropriateness of the predetermined model 
using the parameters for predetermined continuous unit peri 
ods, on the basis of differences between the predicted posi 
tions and the calculated positions, and providing long-term 
predicted orbit data which includes the values of the param 
eters of the unit periods, if the predetermined model for each 
of the unit periods is determined to be appropriate. The pre 
determined model is used when approximating a satellite 
orbit of the positioning satellite. 
0025. According to the seventh aspect of the invention, 
calculation of the values of the parameters, calculation of the 
calculated positions, and determination on the appropriate 
ness of the modeling are performed for predetermined con 
tinuous unit periods. In addition, long-term predicted orbit 
data is provided, if the predetermined model for the unit 
periods is determined to be appropriate. By providing the 
values of the parameters of the plurality of unit periods so as 
to match the determination result of the appropriateness of the 
modeling for the corresponding unit period, the positioning 
device can determine the unit period in which modeling was 
performed appropriately. In addition, for the unit period in 
which modeling was not performed appropriately, it is pos 
sible to avoid using the values of the parameters of the unit 
period for positioning. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0026. The invention will be described with reference to the 
accompanying drawings, wherein like numbers reference like 
elements. 
0027 FIG. 1 is a view illustrating the schematic configu 
ration of a positioning system. 
0028 FIG. 2 is a view illustrating an example of the pre 
dicted orbit. 
0029 FIG. 3 is a view illustrating an example of the pre 
dicted orbit. 
0030 FIG. 4 is a view for explaining the principle of 
determination on the appropriateness of the satellite orbit. 
0031 FIG. 5 is a block diagram illustrating the functional 
configuration of a server system. 
0032 FIG. 6 is a view illustrating an example of data 
stored in a ROM of the server system. 
0033 FIG. 7 is a view illustrating an example of the data 
stored in a hard disk of the server system. 
0034 FIG. 8 is a view illustrating an example of the data 
stored in a RAM of a server system. 
0035 FIG. 9 is a view illustrating an example of the data 
configuration of a satellite prediction calendar. 
0036 FIG. 10 is a view illustrating an example of the data 
configuration of long-term prediction ephemeris data. 
0037 FIG. 11 is a view illustrating an example of the data 
configuration of prediction ephemeris data. 
0038 FIG. 12 is a view illustrating an example of the data 
configuration of a modeling inappropriateness flag data. 
0039 FIG. 13 is a flow chart illustrating a flow of long 
teem prediction ephemeris providing processing. 
0040 FIG. 14 is a flow chart illustrating the flow of long 
term prediction ephemeris providing processing. 
0041 FIG. 15 is a flow chart illustrating the flow of long 
term prediction ephemeris providing processing. 
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0042 FIG. 16 is a flow chart illustrating a flow of model 
ing error calculation processing. 
0043 FIG. 17 is a flow chart illustrating a flow of second 
long-term prediction ephemeris generation processing. 
0044 FIG. 18 is a flow chart illustrating the flow of second 
long-term prediction ephemeris generation processing. 
004.5 FIG. 19 is a flow chart illustrating the flow of third 
long-term prediction ephemeris generation processing. 
0046 FIG. 20 is a view illustrating an example of the data 
configuration of second long-term prediction ephemeris data. 

DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

0047. Hereinafter, a preferred embodiment of the inven 
tion will be described with reference to the accompanying 
drawings. However, an embodiment to which the invention 
can be applied is not limited to the embodiment. 

1. System Configuration 

0048 FIG. 1 is a view illustrating the schematic configu 
ration of a positioning system 1 in the present embodiment. 
The positioning system 1 includes an external system 2, a 
server system 3, a mobile phone 4 which is an electronic 
apparatus having a positioning device, and a plurality of GPS 
satellites SV (SV1, SV2, SV3, SV4,...). In addition, since 
positioning is possible by the mobile phone 4 and the GPS 
satellite SV after the mobile phone 4 acquires the required 
data from the server system 2, it can be said that one posi 
tioning system is formed by the mobile phone 4 and the GPS 
satellite SV. In addition, the positioning system includes the 
server system 3, and the mobile phone 4 may be called a 
system on the ground side. 
0049. The external system 2 is a known system which 
receives a satellite signal periodically from the GPS satellite 
SV and which generates the satellite prediction calendar on 
the basis of the navigation data and the like included in the 
satellite signal. The external system 2 provides the satellite 
prediction calendar to the server system 3. The satellite pre 
diction calendar provided by the external system 2 is data of 
discontinuous positions when arraying the predicted posi 
tions, which are obtained by predicting the future positions, in 
time series at predetermined intervals for each GPS satellite 
SV. For example, the external system 2 is equivalent to the 
computer system of a private or public organization which 
offers the satellite prediction calendar. 
0050. The server system 3 is a system including a server 
which acquires the satellite prediction calendar from the 
external system 2 and generates and provides the ephemeris 
(hereinafter, referred to as long-term prediction ephemeris 
(long-term predicted orbit data) in the present embodiment), 
which is the predicted ephemeris of all GPS satellites SV and 
is effective for a long period of time of at least one day, for 
example, one week, using the satellite prediction calendar. 
0051. The mobile phone 4 is an electronic apparatus used 
when the user performs a call, transmission and reception of 
e-mails, and the like. The mobile phone 4 includes a position 
ing device for realizing the function (positioning function) of 
measuring the position other than the original function as a 
mobile phone. Such as a call or transmission and reception of 
e-mails. The mobile phone 4 transmits a request signal of the 
long-term prediction ephemeris to the server system 3 and 
receives the long-term prediction ephemeris from the server 
system 3 according to the user's operation. In addition, the 
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mobile phone 4 acquires the GPS satellite SV using the 
received long-term prediction ephemeris and executes a posi 
tioning operation on the basis of the satellite signal. 

2. Principles 
0052 FIGS. 2 and 3 are views illustrating examples of the 
satellite prediction calendar generated by the external system 
2 and the satellite orbit calculated on the basis of the satellite 
prediction calendar. FIG. 2 shows an example of the case 
where an abnormal value of the predicted position is not 
included in the satellite prediction calendar and FIG.3 shows 
an example of the case where an abnormal value is included. 
In the present embodiment, among the predicted positions 
included in the satellite prediction calendar, the predicted 
position which is extremely distant from an adjacent pre 
dicted position in consideration of positional relationship 
between the adjacent predicted positions is called the abnor 
mal value. In addition, although distance (or difference) 
between the predicted position which is not the abnormal 
value and the predicted orbit sampling position, which will be 
described later, is about from several meters to tens of meters, 
and the distance between the predicted value of the abnormal 
value and the predicted orbit sampling position may be sev 
eral kilometers. 
0053. In the present embodiment, Kepler's satellite orbit 
model (hereinafter, referred to as the approximate model) in 
which sum of squares of the distances from all the predicted 
positions stored in the satellite prediction calendar becomes 
the minimum is calculated using the least square method. The 
parameter of the approximate model of the satellite orbit 
calculated at this time is called a satellite orbit parameter, and 
the calculation for obtaining the approximate model is also 
called approximate calculation. In addition, the satellite orbit 
calculated by the approximate calculation is called a pre 
dicted orbit. 
0054 The approximate model used in the present embodi 
ment is a model expressing an elliptical orbit and does not 
necessarily pass the predicted position included in the satel 
lite orbit calendar. The predicted orbit is expressed as the 
function having the time as a variable, and the position of the 
GPS satellite SV is returned as an output value by giving the 
time as an input value. 
0055 When the abnormal value is not included in the 
predicted positions included in the satellite prediction calen 
dar, for example, a predicted orbit O1 which is an average 
orbit for all predicted positions shown in FIG. 2 is acquired. 
On the other hand, when the abnormal value is included in the 
predicted positions stored in the satellite prediction calendar, 
for example, a distorted elliptical predicted orbit O2, a part of 
which expands in the direction of the abnormal value, shown 
in FIG. 3 is acquired. 
0056 FIG. 4 is a view for explaining the principle of 
appropriateness determination on modeling of the predicted 
orbit. In the present embodiment, an error of modeling of the 
satellite orbit (hereinafter, referred to as a modeling error) on 
the basis of the difference between the predicted position 
included in the satellite prediction calendar and the predicted 
orbit sampling position (calculated position) calculated from 
the predicted orbit obtained by approximate calculation is 
calculated. The predicted position and the predicted orbit 
sampling position are positions (assumed positions) of the 
GPS satellite at the same time. For example, they are posi 
tions every 15 minutes per hour. The modeling error is cal 
culated on the basis of the difference between the predicted 
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position and the predicted orbit sampling position at the same 
time, and it is determined whether or not the satellite orbit 
obtained by approximate calculation is appropriate. More 
precisely, it is determined whether or not the value of the 
parameter of the approximate model is appropriate. 
0057 Specifically, in the satellite orbit calendar, the pre 
dicted positions are stored in time series at predetermined 
intervals (for example, every 15 minutes). In FIG. 4, the 
predicted positions P, to P, at time t1 to t7 are expressed by 
X marks. The predicted orbit sampling positions S to S, are 
acquired by calculating the points at the same time t1 to tT as 
the predicted positions from the predicted orbit obtained by 
the approximate calculation. In FIG. 4, the predicted orbit 
sampling positions S to S, are expressed by black dots. 
0.058 Subsequently, the distances r to r, between the pre 
dicted positions and the predicted orbit sampling positions 
are calculated at time t1 to t7. The modeling erroris expressed 
as the square root of Sum of squares of all calculated dis 
tances, for example. Specifically, when n times (sampling 
points) exist in all, the modeling error is calculated according 
to the following expression (1). 

Modeling error-Vr’+r’+...+r, (1) 

0059. When the modeling error is large, it is assumed that 
the predicted orbit deviates from the predicted positions on 
the whole or there is a portion of the predicted orbit which 
largely deviates from the predicted position. Accordingly, it 
can be determined that the predicted positions are not appro 
priately reproduced. On the other hand, when the modeling 
error is small, it indicates that the predicted orbit is an orbit 
which passes the neighborhood of the predicted positions or 
the same positions on the whole. Accordingly, it can be deter 
mined that the predicted orbit reproduces the predicted posi 
tions appropriately. 
0060 Thus, a threshold value determination on the mod 
eling erroris performed, and it is determined that modeling of 
the satellite orbit is appropriate (reproducibility of the pre 
dicted position is good) when the modeling error does not 
reach a predetermined threshold value (for example, 2000 
m). On the other hand, when the modeling error reaches the 
predetermined threshold value, it is determined that modeling 
of the satellite orbit is inappropriate (reproducibility of the 
predicted positions is not good). 

3. Functional Configuration 
0061 FIG. 5 is a block diagram illustrating the functional 
configuration of the server system3. The server system 3 is a 
computer system which includes a CPU (central processing 
unit) 310, an operation unit 320, a communication unit 330, a 
ROM (read only memory) 340, a hard disk 350, and a RAM 
(random access memory) 360 and in which the units are 
connected to each other by a bus 370. 
0062. The CPU 310 is a processor which makes an overall 
control of the units of the server system 3 according to a 
system program or the like stored in the ROM 340. In the 
present embodiment, the CPU 310 performs processing for 
providing the long-term prediction ephemeris to the mobile 
phone 4 according to a long-term prediction ephemeris pro 
viding program 341 stored in the ROM 340. 
0063. The operation unit 320 is an input device which 
receives an operation instruction from the administrator of the 
server system 3 and outputs a signal corresponding to the 
operation to the CPU 310. This function is realized by a 
keyboard, a button, or a mouse, for example. 
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0064. The communication unit 330 is a communication 
device for transmitting and/or receiving various data used in 
the system to/from the external system 2 or the mobile phone 
4 through the communication network, such as the Internet. 
0065. The ROM 340 is a read-only nonvolatile storage 
device and stores various data and programs including a sys 
tem program required when the CPU 310 controls the server 
system 3, a program for providing the long-term prediction 
ephemeris to the mobile phone 4, a program for generating 
the long-term prediction ephemeris, and a program for calcu 
lating the modeling error. 
0066. The hard disk 350 is a storage device which per 
forms the reading and writing of data using a magnetic head 
or the like. Similar to the ROM 340, the hard disk 350 stores 
programs, data, and the like for realizing various functions of 
the server system 3. 
0067. The RAM 360 is a readable and writable volatile 
storage device and forms the work area in which the system 
program executed by the CPU 310, the long-term prediction 
ephemeris providing program, various processing programs, 
data being processed in various kinds of processing, a pro 
cessing result, and the like are temporarily stored. 

4. Data Configuration 
0068 FIG. 6 is a view illustrating an example of data 
stored in the ROM 340. The long-term prediction ephemeris 
providing program 341 which is read by the CPU 310 and 
which is executed as long-term prediction ephemeris provid 
ing processing (refer to FIG. 13) is stored in the ROM340. In 
addition, a long-term prediction ephemeris generating pro 
gram 3411 executed as long-term prediction ephemeris gen 
eration processing (refer to FIGS. 14 and 15) and a modeling 
error calculating program 3413 executed as modeling error 
calculation processing (refer to FIG.16) are included as sub 
routines in the long-term prediction ephemeris providing pro 
gram 341. 
0069. The long-term prediction ephemeris providing pro 
cessing is processing in which the CPU 310 periodically 
performs processing for generating long-term prediction 
ephemeris data 353 and transmits the generated long-term 
prediction ephemeris data 353 to the mobile phone 4 of the 
request source when the request signal of the long-term pre 
diction ephemeris data 353 is received from the mobile phone 
4. 
0070 The long-term prediction ephemeris generation pro 
cessing is processing in which the CPU 310 generates the 
long-term prediction ephemeris data 353. In the present 
embodiment, the CPU 310 generates the long-term prediction 
ephemeris data 353 once in four hours. Specifically, the CPU 
310 sets, as a prediction period, a period until one week after 
generation date and time of the long-term prediction ephem 
eris data 353 and generates 28 prediction ephemerides 355 
which are obtained by dividing the prediction period every six 
hours that is a unit period. In addition, the CPU 310 generates 
the long-term prediction ephemeris data 353 in which the 
prediction ephemerides 355 corresponding to twenty-eight 
unit periods are collected. 
0071. The modeling error calculation processing is pro 
cessing in which the CPU 310 calculates the modeling error 
of the satellite orbit according to the above-described prin 
ciple. Details of the processing will be described later in detail 
using a flow chart. 
0072 FIG. 7 is a view illustrating an example of the data 
stored in the hard disk 350. A satellite prediction calendar 
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351, the long-term prediction ephemeris data 353, and mod 
eling inappropriateness flag data 356 are stored in the hard 
disk 350. 
0073 FIG. 9 is a view illustrating an example of the data 
configuration of the satellite prediction calendar 351. The 
satellite prediction calendar 351 is discrete data in which the 
predicted position of each GPS satellite SV until one week 
after the current day is stored every 15 minutes. The predicted 
position is expressed as a three-dimensional coordinate value 
in the earth reference coordinates, for example. For example, 
the predicted position of the GPS satellite SV2 at 0:30 on Jul. 
1, 2008 is (X32,Y32, Z32). The CPU 310 receives the satellite 
prediction calendar 351 periodically (for example, once in 
four hours) from the external system 2 and stores and updates 
it in the hard disk 350. 
0074 FIG. 10 is a view illustrating an example of the data 
configuration of the long-term prediction ephemeris data 353. 
In the long-term prediction ephemeris data 353, generation 
date and time 354 of the long-term prediction ephemeris data 
353 and prediction ephemeris 355 (355-1 to 355-28) of the 
first to twenty-eighth unit periods are stored so as to match 
each other. 
0075 FIG. 11 is a view illustrating an example of the data 
configuration of the prediction ephemeris 355. In the predic 
tion ephemeris 355 (355-1 to 355-28), the values of Kepler's 
satellite orbit parameters, such as the semimajor axis of the 
orbit, the eccentricity, and the angle of inclination of the orbit 
are stored for each of the satellites SV1 to SV32. 
0076. However, it is characteristic that for each prediction 
ephemeris of each unit period, values of the satellite orbit 
parameters are not stored for the GPS satellite SV determined 
that modeling of the satellite orbit is inappropriate. For 
example, in the prediction ephemeris 355-1 of the first unit 
period, it is determined that modeling of the satellite orbit of 
the GPS satellite SV2 is inappropriate. Accordingly, values of 
the satellite orbit parameters are not stored for the GPS sat 
ellite SV2. 
0077 FIG. 12 is a view illustrating an example of the data 
configuration of the modeling inappropriateness flag data 
356. In the modeling inappropriateness flag data 356 (356-1, 
356-2,..., 356-28), the number of the GPS satellite SV and 
a modeling inappropriateness flag are stored for each unit 
period so as to match each other. 
0078. The modeling inappropriateness flag is a flag which 

is set to ON for the GPS satellite SV determined that model 
ing of the satellite orbit is inappropriate and which is set to 
OFF for the GPS satellite SV determined that modeling of the 
satellite orbit is appropriate. For example, in the modeling 
inappropriateness flag data 356-1 of the first unit period of 
FIG. 12, it is determined that modeling of the satellite orbit of 
the GPS satellite SV2 is inappropriate. Accordingly, the mod 
eling inappropriateness flag of the GPS satellite SV2 is set to 
ON. 
007.9 FIG. 8 is a view illustrating an example of data 
stored in the RAM360. A verification time condition 361 and 
a modeling error 363 are stored in the RAM 360. 
0080. The verification time condition 361 is a condition 
regarding the time at which it is verified whether or not 
modeling of the satellite orbit is appropriate. The verification 
start date and time 3611, at which the verification starts 
among date and time stored in the satellite prediction calendar 
351, and a verification interval 3613, which is an interval at 
which the verification is performed, are stored in the verifi 
cation time condition 361. The verification time condition 
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361 is set variably by the CPU 310 in the long-term prediction 
ephemeris generation processing. 
0081. The modeling error 363 is an error of modeling of 
the satellite orbit. For example, the modeling error 363 is 
calculated and stored as the square root of the Sum of squares 
of the distances between the predicted positions and the pre 
dicted orbit sampling positions calculated for each verifica 
tion time. 

5. Flow of Processing 
0082 FIG. 13 is a flow chart illustrating the flow of long 
term prediction ephemeris providing processing executed in 
the server system3 when the long-term prediction ephemeris 
providing program 341 stored in the ROM 340 is read and 
executed by the CPU 310. 
0083. First, the CPU 310 determines whether or not the 
satellite prediction calendar 351 has been received from the 
external system 2 (step A1). When the CPU 310 determines 
that the satellite prediction calendar 351 has not been received 
(step A1: No), the process proceeds to step A5. In addition, 
when the CPU 310 determines that the satellite prediction 
calendar 351 has been received (step A1: Yes), the CPU 310 
updates the received satellite prediction calendar 351 and 
stores it in the hard disk 350 (step A3). 
0084. Then, the CPU 310 determines whether or not it is 
the generation date and time of long-term prediction ephem 
eris (step A5). In the present embodiment, it is assumed that 
the long-term prediction ephemeris is generated once in four 
hours. Then, if it is determined not to be the generation date 
and time yet (step A5; No), the CPU 310 moves the process 
ing to step A9. 
0085. On the other hand, if it is determined to be the 
generation date and time of the long-term prediction ephem 
eris (step A5; Yes), the CPU 310 performs long-term predic 
tion ephemeris generation processing by reading and execut 
ing the long-term prediction ephemeris generating program 
3411 stored in the ROM 340 (step A7). 
I0086 FIGS. 14 and 15 are flow charts illustrating the flow 
of long-term prediction ephemeris generation processing. 
First, the CPU 310 determines each unit period on the basis of 
the current date and time (step B1). Specifically, the CPU 310 
sets, as a prediction period, a period until one week after the 
current date and time (generation date and time) and deter 
mines each of the periods, which are obtained by dividing the 
prediction period every six hours, to be a unit period. 
I0087. Then, the CPU 310 executes processing of loop A 
for each unit period determined in step B1 (steps B3 to B35). 
In the processing of loop A, the CPU 310 executes processing 
of loop B for each GPS satellite SV (steps B5 to B31). 
I0088. In the processing of loop B, the CPU 310 sets the 
modeling inappropriateness flag of the corresponding GPS 
satellite SV of the corresponding unit period in the modeling 
inappropriateness flag data 356 of the hard disk 350 to OFF 
(step B7). Then, the CPU 310 sets, as the verification start 
date and time 3611, oldest date and time included in the 
satellite prediction calendar 351 stored in the hard disk 350 
and stores it as the verification time condition361 in the RAM 
360 (step B9). 
0089. In addition, the CPU 310 sets the verification inter 
Val 3613 as 15 minutes and stores it as the verification time 
condition361 in the RAM360 (step B11). Then, the CPU 310 
performs modeling error calculation processing by reading 
and executing the modeling error calculating program 3413 
stored in the ROM 340 (step B13). 
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(0090 FIG. 16 is a flow chart illustrating the flow of mod 
eling error calculation processing. First, the CPU 310 
extracts, from the satellite prediction calendar 351 stored in 
the hard disk 350, the predicted position of each verification 
time according to the verification time condition 361 stored in 
the RAM 360 (step C1). 
(0091 Subsequently, the CPU 310 calculates values of the 
satellite orbit parameters by calculating the predicted orbit 
based on the Kepler's elliptical orbit model using the pre 
dicted position extracted in step C1 (step C3). Then, the CPU 
310 calculates, from the predicted orbit calculated in step C3, 
the predicted orbit sampling position at the same time as the 
verification time (step C5). 
0092. Then, the CPU 310 calculates the distance between 
the predicted position and the predicted orbit sampling posi 
tion at each verification time (step C7). Then, the CPU 310 
calculates the square root of Sum of squares of the distances 
calculated at all of the verification times and stores it as the 
modeling error 363 in the RAM360 (step C9). Then, the CPU 
310 ends the modeling error calculation processing. 
0093. After returning to the long-term prediction ephem 
eris generation processing of FIG. 14 and performing the 
modeling error calculation processing, the CPU 310 deter 
mines whether or not the modeling error 363 stored in the 
RAM 360 is smaller than a predetermined threshold value 
(step B15). When it is determined that the modeling error 363 
is smaller than the threshold value (step B15: Yes), the CPU 
310 moves to the processing for the next GPS satellite SV. 
0094. In addition, when it is determined that the modeling 
error 363 is equal to or larger than the threshold value (step 
B15: No), the CPU 310 updates the verification interval 3613 
stored in the RAM360 to 30 minutes (step B17). That is, the 
verification time condition is set to calculate the predicted 
orbit using the combination of the predicted positions 
extracted at intervals of 30 minutes without using all pre 
dicted positions stored in the satellite prediction calendar351. 
(0095. Then, the CPU 310 performs modeling error calcu 
lation processing by reading and executing the modeling error 
calculating program 3413 stored in the ROM 340 (step B19). 
Then, the CPU 310 determines whether or not the modeling 
error 363 stored in the RAM 360 is smaller than a predeter 
mined threshold value (step B21). When it is determined that 
the modeling error 363 is smaller than the threshold value 
(step B21:Yes), the CPU 310 moves to the processing for the 
next GPS satellite SV. 

0096. In addition, when it is determined that the modeling 
error 363 is equal to or larger than the threshold value (step 
B21: No), the CPU 310 updates the verification start date and 
time 3611 stored in the RAM 360 to second oldest date and 
time included in the satellite prediction calendar (step B23). 
That is, when extracting the predicted positions included in 
the satellite prediction calendar 351 at intervals of 30 min 
utes, the CPU 310 changes the combination of the predicted 
positions used for calculation of the predicted orbit by setting 
the verification time condition so that they are extracted from 
the second oldest time not from the oldest time. 

(0097. Then, the CPU 310 performs modeling error calcu 
lation processing by reading and executing the modeling error 
calculating program 3413 stored in the ROM 340 (step B25). 
Then, the CPU 310 determines whether or not the modeling 
error 363 stored in the RAM 360 is smaller than a predeter 
mined threshold value (step B27). When it is determined that 
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the modeling error 363 is smaller than the threshold value 
(step B27:Yes), the CPU 310 moves to the processing for the 
next GPS satellite SV. 
0098. In addition, when it is determined that the modeling 
error 363 is equal to or larger than the threshold value (step 
B27; No), the CPU 310 sets the modeling inappropriateness 
flag of the corresponding GPS satellite SV of the correspond 
ing unit period stored in the modeling inappropriateness flag 
data356 of the hard disk350 to ON (step B29). Then, the CPU 
310 moves to the processing for the next GPS satellite SV. 
0099. After performing processing of steps B7 to B29 for 
all GPS satellites SV, the CPU 310 ends the processing of loop 
B (step B31). Then, the CPU 310 generates the prediction 
ephemeris 355 of the unit period by collecting the values of 
the satellite orbit parameters of the GPS satellites SV of 
which modeling inappropriateness flags in the modeling 
inappropriateness flag data 356 of the hard disk350 are set to 
OFF (step B33). Then, the CPU 310 moves to the processing 
for the next unit period. 
0100. After performing processing of steps B5 to B33 for 

all unit periods, the CPU 310 ends the processing of loop A 
(step B35). Then, the CPU 310 collects the prediction ephem 
eris 355 generated in step B33 for all unit periods, generates 
the long-term prediction ephemeris data 353 by matching it 
with the generation date and time 354, and stores it in the hard 
disk 350 (step B37). Then, the CPU 310 ends the long-term 
prediction ephemeris generation processing. 
0101. After returning to the long-term prediction ephem 
eris providing processing of FIG. 13 and performing the 
long-term prediction ephemeris generation processing, the 
CPU 310 determines whether or not the request signal of the 
long-term prediction ephemeris has been received from the 
mobile phone 4 (step A9). Then, when the CPU 310 deter 
mines that the request signal has not been received (step A9; 
No), the process returns to step A1. 
0102. In addition, when the CPU 310 determines that the 
request signal has been received (step A9: Yes), the CPU 310 
transmits the long-term prediction ephemeris data 353 stored 
in the hard disk 350 to the mobile phone 4 of the request 
source (step A11). Then, the CPU 310 returns to step A1. 

6. Operations and Effects 
0103) In the positioning system 1, the server system 3 
calculates the predicted orbit according to the approximate 
model for approximating the satellite orbit of the GPS satel 
lite SV on the basis of the satellite prediction calendar which 
includes the predicted positions of the GPS satellite SV 
acquired from the external system 2 in time series and calcu 
lates the values of the satellite orbit parameters. In addition, 
the server system 3 calculates the predicted orbit sampling 
position (calculated position), which is the future position of 
the GPS satellite SV, using the calculated values of the satel 
lite orbit parameters and determines whether or not modeling 
of the satellite orbit is appropriate on the basis of the distance 
between the predicted position and the predicted orbit sam 
pling position. 
0104 More specifically, the predicted orbit sampling posi 
tion at the same time as the predicted position stored in the 
satellite prediction calendar is calculated from the acquired 
predicted orbit. In addition, the distance between the pre 
dicted position and the predicted orbit sampling position is 
calculated at each time, and it is determined whether or not the 
modeling error expressed as the square root of the Sum of 
squares of the distances reaches a predetermined threshold 
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value. Moreover, when the modeling error does not reach the 
threshold value, it is determined that modeling of the satellite 
orbit is appropriate. When the modeling error reaches the 
threshold value, it is determined that modeling of the satellite 
orbit is inappropriate. 
0105. If modeling of the satellite orbit is appropriate, the 
distance between the predicted position of the GPS satellite 
SV and the predicted orbit sampling position at the same time 
should be decreased. Therefore, determination on whether or 
not modeling of the satellite orbit is appropriate can be effec 
tively performed by threshold value determination on the 
modeling error calculated from the distance calculated at 
each time. 
0106. In addition, the server system 3 changes the combi 
nation of the predicted positions used for calculation of the 
predicted orbit when it is determined to be inappropriate in 
the modeling appropriateness determination. In addition, cal 
culation of the predicted orbit, calculation of the predicted 
orbit sampling position, and modeling appropriateness deter 
mination are performed again on the basis of the changed 
combination of the predicted positions. Thus, when it is deter 
mined that modeling of the satellite orbit is not appropriate, 
the appropriate values of the satellite orbit parameters can be 
acquired by changing the combination of the predicted posi 
tions and performing the modeling again. 
0107 Moreover, for each unit period of every six continu 
ous hours, the server system 3 performs calculation of the 
predicted orbit, calculation of the predicted orbit sampling 
position, and modeling appropriateness determination for 
every GPS satellite. Then, the server system 3 provides the 
mobile phone 4 with long-term prediction ephemeris data in 
which the unit periods determined to be appropriate in the 
modeling appropriateness determination and the values of the 
satellite orbit parameters of the GPS satellite SV are col 
lected. As a result, it becomes possible to provide the mobile 
phone 4 with only unit periods and values of the satellite orbit 
parameters of the GPS satellite SV for which modeling was 
performed appropriately. 

7. Modification 

7-1. Positioning System 
0108. In the above embodiment, the positioning system 1 
including the server system 3 and the mobile phone 4 was 
described as an example. However, a positioning system to 
which the invention can be applied is not limited to the posi 
tioning system 1. For example, the invention may also be 
applied to electronic apparatuses, such as a notebook com 
puter including a positioning device, a PDA (personal digital 
assistant) including a positioning device, and a car navigation 
apparatus that includes a positioning device, instead of the 
mobile phone 4. 

7-2. Satellite Positioning System 
0109. In addition, the explanation has been made using the 
GPS as an example of the satellite positioning system. How 
ever, other satellite positioning systems, such as a WAAS 
(wide area augmentation system), a QZSS (quasi Zenith sat 
ellite system), a GLONASS (global navigation satellite sys 
tem), and a GALILEO may also be used. 
7-3. Long-Term Prediction Ephemeris Data Generation Pro 
cessing 
0110 FIGS. 17 and 18 are flow charts illustrating the flow 
of second long-term prediction ephemeris generation pro 
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cessing which is processing related to generation of long 
term prediction ephemeris data in a modification. The second 
long-term prediction ephemeris generation processing is pro 
cessing of generating long-term prediction ephemeris data by 
performing modeling of the satellite orbit again using the 
remaining predicted positions excluding the predicted posi 
tion, which is considered to be an abnormal value, when it is 
determined that modeling of the satellite orbit is inappropri 
ate. In addition, the same steps as in the long-term prediction 
ephemeris generation processing of FIGS. 14 and 15 are 
denoted by the same reference numerals, and the explanation 
will be omitted. Here, an explanation will be focused on a 
portion different from the long-term prediction ephemeris 
generation processing. 
0111. In the second long-term prediction ephemeris gen 
eration processing, when it is determined that a modeling 
error is equal to or larger than a threshold value in step B15 
(step B15: No), the CPU 310 specifies the verification time at 
which the distance between the predicted position and the 
predicted orbit sampling position calculated in step C7 of the 
modeling error calculation processing exceeds the predeter 
mined threshold distance (for example, 500 m) and 
excludes it from the processing target of modeling error cal 
culation processing (step D17). Then, the CPU 310 performs 
modeling error calculation processing (step B19). 
0112 For the verification time when the distance between 
the predicted position and the predicted orbit sampling posi 
tion becomes extremely large, there is a high possibility that 
the predicted position will be an abnormal value. For this 
reason, the predicted position at which the distance between 
the predicted position and the predicted orbit sampling posi 
tion exceeds the predetermined threshold distance is consid 
ered to be an abnormal value and is accordingly excluded, and 
modeling of the satellite orbit is performed again using the 
remaining predicted positions. 
0113. Then, the CPU 310 determines whether or not the 
modeling erroris smaller than the threshold value (step B21). 
When it is determined that the modeling error is smaller than 
the threshold value (step B21:Yes), the CPU 310 moves to the 
processing for the next GPS satellite SV. In addition, when it 
is determined that the modeling erroris equal to or larger than 
the threshold value (step B21: No), the CPU 310 sets the 
modeling inappropriateness flag of the corresponding GPS 
satellite SV of the corresponding unit period (step B29) to ON 
and moves to the processing for the next GPS satellite SV. 
0114 FIG. 19 is a flow chart illustrating the flow of third 
long-term prediction ephemeris generation processing which 
is processing related to generation of other long-term predic 
tion ephemeris data. The third long-term prediction ephem 
eris generation processing is processing in which modeling of 
the satellite orbit is performed in a plurality of verification 
time conditions and the long-term prediction ephemeris data 
is generated using the model of the satellite orbit in the veri 
fication time condition where the modeling error becomes the 
minimum. 

0115 First, the CPU 310 determines each unit period on 
the basis of the current date and time (step E1). Then, the CPU 
310 executes processing of loop D in each unit period deter 
mined in step E1 (steps E3 to E23). 
0116. In the processing of loop D, the CPU 310 executes 
processing of loop E for each GPS satellite SV (steps E5 to 
E19). In the processing of loop E, the CPU 310 sets the 
modeling inappropriateness flag of the corresponding GPS 
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satellite SV of the corresponding unit period in the modeling 
inappropriateness flag data 356 of the hard disk350 (step E7) 
to OFF. 
0117. Then, the CPU 310 sets a plurality of verification 
time conditions (step E9). For example, three kinds of veri 
fication time conditions including (1) verification start date 
and time are oldest date and time in the satellite prediction 
calendar and the verification interval is 15 minutes, (2) veri 
fication start date and time are oldest date and time in the 
satellite prediction calendar and the verification interval is 30 
minutes, and (3) verification start date and time are second 
oldest date and time in the satellite prediction calendar and the 
verification interval is 30 minutes. In addition, the kinds or 
number of set verification time conditions may be appropri 
ately set and changed. 
0118. Then, the CPU 310 executes processing of loop F in 
each verification time condition set in step E9 (steps E11 to 
E15). In the processing of loop F, the CPU 310 performs 
modeling error calculation processing in the verification time 
condition (step E13). Then, the CPU 310 moves to the pro 
cessing for the next verification time condition. 
0119. After performing the processing of step E13 in all 
verification time conditions, the CPU 310 ends the processing 
of loop F (step E15). Then, the CPU 310 selects the predicted 
orbit calculated in the verification time condition in which the 
modeling error becomes the minimum (step E17). Then, the 
CPU 310 moves to the processing for the next GPS satellite 
SV. 
0.120. After performing the processing of steps E7 to E17 
in all GPS satellites SV, the CPU 310 ends the processing of 
loop E (step E19). Subsequently, the CPU 310 sets the pre 
diction ephemeris of the corresponding unit period by col 
lecting the values of the satellite orbit parameters of the 
predicted orbit selected in step E11 for all of the GPS satel 
lites SV (step E21). Then, the CPU 310 moves to the process 
ing for the next unit period. 
I0121. After performing the processing of steps E5 to E21 
for all unit periods, the CPU 310 ends the processing of loop 
D (step E23). Then, the CPU 310 collects the prediction 
ephemeris for all unit periods, generates the long-term pre 
diction ephemeris data, and stores it in the hard disk 350 (step 
E25). Then, the CPU 310 ends the third long-term prediction 
ephemeris generation processing. 

7-4. Data Configuration of Long-Term Prediction Ephemeris 
Data 

0.122 The data configuration of long-term prediction 
ephemeris data provided to the mobile phone 4 may be set as 
follows. That is, as shown in FIG. 20, second long-term 
prediction ephemeris data matched with the generation date 
and time 354, the modeling inappropriateness flag data 356, 
and prediction ephemeris 357 (357-1, 357-2,..., 357-28) of 
the first to twenty-eighth unit periods is provided to the 
mobile phone 4. 
I0123. The values of the satellite orbit parameters for all of 
the GPS satellites SV are stored in the prediction ephemeris 
357 (357-1, 357-2, ..., 357-28). The mobile phone 4 can 
specify the unit period and the GPS satellite SV, which are 
determined that modeling is inappropriate by the server sys 
tem 3, by referring to the modeling inappropriateness flag 
data 356 stored in the received second long-term prediction 
ephemeris data. In addition, it is possible to prevent the 
decrease in accuracy of the positioning by making the values 
of the satellite orbit parameters stored in the prediction 
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ephemeris 357 not used for positioning for the GPS satellite 
SV of the specified unit period. 

7-5. Modeling Error 

0.124. In the above embodiment, the square root of the sum 
of squares of the distances between the predicted positions 
and the predicted orbit sampling positions calculated for each 
verification time is set as the modeling error. However, for 
example, the maximum value or average value of the dis 
tances between the predicted positions and the predicted orbit 
sampling positions may be set as the modeling error. 
0.125. In addition, it may be possible to calculate the mod 
eling error by calculating the distances between the predicted 
positions and the predicted orbit sampling positions for all 
times rather than calculating the modeling error by calculat 
ing the distance between the predicted position and the pre 
dicted orbit sampling position for every verification time. For 
example, in the embodiment described above, when the veri 
fication interval is 30 minutes, the modeling error is calcu 
lated by calculating the distance between the predicted posi 
tion and the predicted orbit sampling position at each 
verification time for every 30 minutes. However, the model 
ing error may be calculated by calculating the distance 
between the predicted position and the predicted orbit sam 
pling position at each time for every 15 minutes which is the 
interval stored in the satellite prediction calendar. 

7-6. Generation and Provision of Long-Term Prediction 
Ephemeris Data 

0126. In the embodiment described above, the server sys 
tem 3 generates long-term prediction ephemeris data at pre 
determined intervals (for example, once in four hours) 
beforehand, and the long-term prediction ephemeris data is 
transmitted when the request of the long-term prediction 
ephemeris data is received from the mobile phone 4. How 
ever, it may be possible to generate long-term prediction 
ephemeris data when the request of the long-term prediction 
ephemeris data is received from the mobile phone 4 and to 
transmit it to the mobile phone 4 rather than adopting the 
above-described configuration. 

7-7. Prediction Period 

0127. In the embodiment described above, the long-term 
prediction ephemeris data is generated in a state where the 
period until one week after generation date and time of the 
long-term prediction ephemeris data is set as the prediction 
period. However, the prediction period may be a period (for 
example, two weeks) longer than one week or may be a period 
(for example, three days) shorter than one week. Although the 
effective period of the ephemeris as navigation data transmit 
ted from the GPS satellite is generally about four hours, it is 
preferable that the effective period of the long-term predic 
tion ephemeris data is longer than at least that of the ephem 
eris as navigation data transmitted from the GPS satellite. 
Preferably, the effective period is one day or more. 

7-8. Unit Period 

0128 Moreover, the unit period is formed by dividing the 
prediction period of the long-term prediction ephemeris data 
every six hours. However, for example, the unit period may be 
formed by dividing the prediction period of the long-term 
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prediction ephemeris data every four hours, and the length of 
the unit period may be changed appropriately. 

GENERAL INTERPRETATION OF TERMS 

I0129. In understanding the scope of the present invention, 
the term "comprising and its derivatives, as used herein, are 
intended to be open ended terms that specify the presence of 
the stated features, elements, components, groups, integers, 
and/or steps, but do not exclude the presence of other unstated 
features, elements, components, groups, integers and/or 
steps. The foregoing also applies to words having similar 
meanings Such as the terms, “including”, “having and their 
derivatives. Also, the terms “part.” “section.” “portion.” 
“member or "element' when used in the singular can have 
the dual meaning of a single part or a plurality of parts. 
Finally, terms of degree such as “substantially”, “about' and 
“approximately as used herein mean areasonable amount of 
deviation of the modified term such that the end result is not 
significantly changed. For example, these terms can be con 
strued as including a deviation of at least +5% of the modified 
term if this deviation would not negate the meaning of the 
word it modifies. 
0.130. While only selected embodiments have been chosen 
to illustrate the present invention, it will be apparent to those 
skilled in the art from this disclosure that various changes and 
modifications can be made herein without departing from the 
Scope of the invention as defined in the appended claims. 
Furthermore, the foregoing descriptions of the embodiments 
according to the present invention are provided for illustra 
tion only, and not for the purpose of limiting the invention as 
defined by the appended claims and their equivalents 
What is claimed is: 
1. A method for determining the appropriateness of satel 

lite orbit modeling using a predetermined model, the method 
comprising: 

calculating values of parameters, that the predetermined 
model has, on the basis of predicted position data includ 
ing a first predicted position at a first point of time and a 
second predicted position at a second point of time of a 
positioning satellite in time series, the predetermined 
model being used when approximating a satellite orbit 
of the poisoning satellite; 

calculating a first and a second calculated positions of the 
positioning satellite derived from the predetermined 
model by using the values of the parameters; and 

determining the appropriateness of the predetermined 
model using the values of the parameters, on the basis of 
first difference between the first predicted position and 
the first calculated position, and seconded difference 
between the second predicted position and the second 
calculated position. 

2. The method for determining the appropriateness of the 
satellite orbit modeling according to claim 1, wherein 

the predetermined model is for obtaining a position of the 
satellite by inputting a time, 

the calculating the first and the second calculated positions 
includes calculating the first calculated position at the 
first point of time and the second calculated position at 
the second point of time, and 

the determining the appropriateness of the modeling 
includes determining the appropriateness of the prede 
termined model on the basis of the first difference 
between the first predicted position and the first calcu 
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lated position and the second difference between the 
second predicted position and the second calculated 
position. 

3. The method for determining the appropriateness of sat 
ellite orbit modeling according to claim 2, further comprising 

selecting the first predicted position, if the first difference is 
within a predetermined value, 

Selecting the second predicted position, if the second dif 
ference is within the predetermined value, 

calculating the values of the parameters on the basis of at 
least one of the first and second predicted positions after 
being selected, 

calculating at least one of the first and second calculated 
positions on the basis of at least one of the first and 
second predicted positions after being selected, and 

determining the appropriateness of the predetermined 
model on the basis of at least one of the first and second 
predicted positions after being selected. 

4. The method for determining the appropriateness of the 
satellite orbit modeling according to claim 1, further com 
prising 

Selecting a first combination from the first and second 
predicted positions from the predicted position data, 

calculating the values of the parameters on the basis of the 
combination after being selected, 

calculating the first and second calculated positions on the 
basis of the combination after being selected, and 

determining the appropriateness of the predetermined 
model on the basis of the combination after being 
selected. 

5. The method for determining the appropriateness of the 
satellite orbit modeling according to claim 4, further com 
prising 

Selecting a second combination from the first predicted 
position, the second predicted position, and a third pre 
dicted position, when the predetermined model is deter 
mined to be not appropriate, 

calculating the values of the parameters on the basis of the 
second combination after being selected, 

calculation of the first calculated position, the second cal 
culated position, and a third calculated position on the 
basis of the second combination, and 

determining appropriateness of the predetermined model 
on the basis of the second combination. 

6. A method of providing long-term predicted orbit data, 
comprising: 

calculating values of parameters, that the predetermined 
model has, on the basis of predicted position data includ 
ing a first predicted position at a first point of time and a 
second predicted position at a second point of time of a 
positioning satellite in time series, the predetermined 
model being used when approximating a satellite orbit 
of the poisoning satellite; 

calculating a first and a second calculated positions of the 
positioning satellite derived from the predetermined 
model by using the values of the parameters; 
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determining the appropriateness of the predetermined 
model using the values of the parameters for each of two 
consecutive unit periods of time, on the basis of first 
difference between the first predicted position and the 
first calculated position, and seconded difference 
between the second predicted position and the second 
calculated position; and 

providing long-term predicted orbit data which include the 
parameters, if the predetermined model for each of the 
two consecutive unit periods of time is determined to be 
appropriate. 

7. A method of providing long-term predicted orbit data, 
comprising: 

calculating values of parameters, that the predetermined 
model has, on the basis of predicted position data includ 
ing a first predicted position at a first point of time and a 
second predicted position at a second point of time of a 
positioning satellite in time series, the predetermined 
model being used when approximating a satellite orbit 
of the poisoning satellite; 

calculating a first and a second calculated positions of the 
positioning satellite derived from the predetermined 
model by using the values of the parameters; 

determining the appropriateness of the predetermined 
model using the values of the parameters for two con 
secutive unit periods of time, on the basis of first differ 
ence between the first predicted position and the first 
calculated position, and seconded difference between 
the second predicted position and the second calculated 
position; and 

providing long-term predicted orbit data which include the 
parameters, if the predetermined model for the two con 
secutive unit periods of time is determined to be appro 
priate. 

8. A device for determining the appropriateness of satellite 
orbit modeling, comprising: 

a parameter value calculating unit being configured to cal 
culate values of parameters, that the predetermined 
model has, on the basis of predicted position data includ 
ing a first predicted position at a first point of time and a 
second predicted position at a second point of time of a 
positioning satellite in time series, the predetermined 
model being used when approximating a satellite orbit 
of the poisoning satellite; 

a calculated position calculating unit being configured to 
calculate a first and a second calculated positions of the 
positioning satellite derived from the predetermined 
model by using the values of the parameters; and 

a determination unit being configured to determine the 
appropriateness of the predetermined model using the 
values of the parameters, on the basis of first difference 
between the first predicted position and the first calcu 
lated position, and seconded difference between the sec 
ond predicted position and the second calculated 
position. 


